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Available online 13 May 2016AbstractThis work aims at investigating the undoped Glycinium Oxalate (GO) and Manganese doped Glycinium Oxalate (Mn:GO)
single crystals that were prepared via slow evaporation method. The single crystals grown were characterized for its structural,
vibrational, optical, topographical, electrical and mechanical properties. Single and Powder X-ray diffraction suggests that the
grown crystals are crystallized in the monoclinic structure. The functional groups and the effect of moisture on the undoped and
doped GO crystals can be analyzed with the help of FTIR spectrum. The undoped and doped GO single crystal shows low ab-
sorption in the entire visible and IR region, which is suitable for optical device applications. The emission of green light with the use
of Nd:YAG laser (l ¼ 1064 nm) confirmed the second harmonic generation properties of the grown crystals. Dielectric mea-
surements were carried to the wide range of frequency (50 Hze5 MHz) at different temperatures. The determined Vickers hardness
number and work hardening coefficient of the grown crystals ascertains the soft nature of the crystal.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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L-arginine oxalate, L-alaninium oxalate and glyci-
nium oxalate are the types of amino oxalate crystals
[1e3,5,6].Unlike other aminoacid, glycine is the simplest
and has no asymmetric carbon atom and is optically
inactive. Since the glycine molecule can exist in zwitter
ionic form, it is capable of forming compounds with
charged (anionic and cationic) and uncharged chemical
compounds. Thus a large variety of glycine coordinated
compounds can be formed. The carboxylic acid group of* Corresponding author. Tel.: þ91 8056001030, 8144528455.
E-mail address: revathiezhilarasi@gmail.com (V. Revathi).
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/glycine donates its proton to the amino group to form a salt
of the structure CH3COO
 NHþ3 . Thus in solid state,
glycine exists as dipolar ion in which carboxyl group is
present as carboxylate ion. Due to this dipolar nature,
glycine has promising physical properties, which make
them ideal candidates for NLO applications [4]. When
glycinemixeswith the oxalic acid, it can be useful for new
applications in materials science [3,6]. Motivated by the
applications of the glycinium oxalate single crystal, it is
noted from the literature that the crystal structure of gly-
cinium oxalate reported by M. Subha Nandhini et al.
crystallized as centro-symmetric space group [5]. The
same centro-symmetric form was explored in Mn:GO
single crystals. Normally crystals of non-centrosymmetric
space group exhibit NLO phenomena. But undoped andn behalf of University of Kerbala. This is an open access article under
4.0/).
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eration (SHG) property in the centro-symmetric space
group due to the possible surface effects or local non-
centrosymmetric caused by defects [7,8].
In this paper, we have successfully synthesized undo-
pedandMndopedglyciniumoxalatevia slowevaporation
method. Moreover, structural (single crystal XRD, FTIR
andEDX), optical (UV, fluorescence andNLO), electrical
and mechanical studies have also been investigated.
2. Experimental
2.1. Synthesis and growth aspects
The solubility of undoped and Mn doped GO was
determined in the temperature range of 35e50 C. It was
done by dissolving the undoped and Mn doped GO so-
lute in deionized water at a constant temperature with
continuous stirring. After attaining the saturation, the
equilibrium concentration of the solute was analyzed
gravimetrically. The same process was repeated and the
solubility curves for different temperatures were drawn.
Fig. 1(A) shows the solubility curve for undoped andMn
doped GO at different temperatures. It is observed from
the curve that the solubility is slightly increased for Mn
doped GO as compared to the undoped GO. The solu-
bility is found to increase with increase in temperature.
Glycine (C2H5NO2), oxalic acid (H2C2O4) and
manganese diacetate anhydrous (C4H6O4Mn) were
purchased from an analytical grade of merck brand. All
the chemicals were used as received without further
purification. In order to synthesize GO crystal, 7.5 g of
GO and 9 g of oxalic acid (1:1) was dissolved indi-
vidually in 50 mL of deionized water under stirring.
The oxalic acid solution was added drop-wise to the
glycine solution. The combined solution was stirred
continuously for 240 min at 45 C to evaporate the
excess of solvent present and also to attain undiversi-
fied mixture. After that, the solution was brought back
to room temperature by cooling down to attain the
quick supersaturated state. The resulting solution was
filtered and allowed to evaporate at room temperature.
Optically good quality of crystals was harvested over a
period of 7 days. The solution was crystallized several
times in order to increase the purity of the crystal.
The chemical reaction of the synthesis is as follows:NH2eCH2eCOOH þ HOOCeCOOH/ HOOCeCH2eNThe same procedure was repeated to prepare
Mn:GO crystal using 0.34 g (2%) of manganese
diacetate anhydrous (Mn(CH3COO)2). The photograph
of as grown undoped and Mn doped GO single crystal
is shown in Fig. 1(B). A possible schematic formation
of the undoped GO and Mn:GO is shown in Fig. 1(C).
Single crystal X-Ray Diffraction (SXRD) studies
were carried out by using the BRUKER axs diffrac-
tometer with MoKa radiation (l ¼ 0.71069 Å). The
reflection planes of the grown crystals were identified
by the Powder X-Ray Diffraction pattern (PXRD) of
the powdered sample by using PHILIPS ‘X’Pert Pro
Radiation CuKa X-ray diffractometer in the range of
10e70 with a scan speed of 1/min and analysed by
using “powder X” refinement software. The surface
morphology was examined by the HITACHI S-3400N
SEM instrument. The molecular structure was
confirmed by the FTIR (SHIMADZU-8400S) Spec-
trophotometer in the middle IR region from 4000 to
400 cm1. The chemical composition was investigated
by the EDS analysis. The optical spectra were recorded
by using the Lambda 35 UV-Vis-NIR spectrophotom-
eter in the range from 190 to 1100 nm. The nonlinear
optical studies were characterized by Q-switched
Nd:YAG laser (1064 nm, 10 ns, 450 mJ). The excita-
tion spectra were recorded using LS45 Spectrofluo-
rometer. The dielectric properties were characterized
by the HIOKI 3532-50 LCR HITESTER. The me-
chanical properties were carried out using the Shi-
madzu HMV-2 Vicker's indentation tester.3. Results and discussion
The structural properties of undoped and Mn doped
GO single crystals has been studied by single crystal
X-ray diffraction studies. From single crystal XRD, it
is observed that both the compound crystallizes in the
monoclinic system with a space group P21/c, which is a
centro-symmetric system. The crystallographic data
are tabulated in Table 1 and these parameters are in
good agreement with the previously reported GO sin-
gle crystal [5,6,9]. The Mn dopant on GO does not
change the original crystal system of glycinium oxa-
late. As compared to undoped GO crystal, slight
change in the lattice parameter and cell volume of MnHþ3 $COOHeCOO
 ð1Þ
Fig. 1. (A) The solubility of GO and Mn:GO crystal. (B) As grown GO and Mn:GO crystal. (C) Schematic formation of GO and Mn:GO crystal.
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Table 1
Crystallographic data of GO and Mn:GO crystal.
Crystal system GO Mn:GO
Space group P21/c P21/c
a(Å) 10.55 10.59
b(Å) 5.55 5.68
c(Å) 12.04 12.14
b (degree) 113.77 113.85
Volume (Å3) 655 663
Crystal system monoclinic monoclinic
Fig. 2. (A) Powder XRD pattern of GO and Mn:GO Crystal. (B)
EDAX spectrum of Mn:GO crystal. (C) FTIR Spectrum of GO and
Mn:GO Crystal.
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lattice distortion by Mn ion in the parent compound.
The crystalline structure of the undoped GO and
Mn:GO is characterized by using powder XRD. The
indexed XRD pattern of the undoped GO and Mn:GO
crystal is shown in Fig. 2(A). There are shifts in the
value of 2q and the appearance of new reflection peaks
of Mn:GO crystal as compared with the undoped GO
crystal due to the incorporation of manganese ion. The
decreased intensity (scale of y axis) of Mn:GO crystal
may be due the change in electron density by the
manganese atom. Thus the lesser in intensity of Mn
doped GO indicates that the increase in size of the
particle. The presence of the Mn dopant in the
composition of GO crystal increases the intensity of
peaks comparing to pure GO crystal. The reflections of
Mn:GO crystal are different from GO crystals. This
reveals that the doping has brought a slight change in
the internal structure of the crystal. The well-defined
sharp peaks show high crystallinity and good quality
of the grown crystals. Moreover, d values and hkl
values of undoped GO and Mn:GO crystals are tabu-
lated in Table 2 and Table 3.
The elemental composition of Mn:GO was studied
to identify the manganese dopant by the EDS spec-
trum, as shown in Fig. 2(B). It shows that the presence
of C, N, O and also Mn (nearly 1%) in the prepared
sample, which is consistent with the XRD result.
Moreover, an estimated percentage of elements are
shown in Table 4. Thus nearly 1% of dopant has
entered into the lattice Out of 2% added.
The FT-IR spectrum of the undoped and Mn doped
GO is shown in Fig. 2(C). The CeH stretching to be
observed around 3116 cm1 are masked by the vibra-
tions of the -NH3þ ion and cause a broadened band in
this range [6]. The peak at 1502 cm1 is due to the
NeH bending of NH3þ [3]. The peaks in the region of
1253 cm1 and 1024 cm1 showed the CeN stretching
[3]. The observed frequencies and their assignment
of the undoped GO and Mn:GO crystal is given in
Table 5. The previously reported GO crystal has also
Table 2
Indexed X-ray powder diffraction data of GO crystal.
H k l d cal.(Å) 2q cal.() h k l d cal.(Å) 2q cal.()
1 0 1 7.51050 11.774 1 2 1 2.72754 32.809
1 1 0 5.59854 15.817 3 2 1 2.52963 35.457
1 1 1 5.07655 17.455 3 2 2 2.37712 37.816
2 1 0 4.55497 19.472 3 1 4 2.25575 39.934
2 1 1 4.26028 20.834 4 0 2 2.23123 40.392
2 1 2 3.63237 24.487 3 2 2 1.64108 55.989
3 1 0 3.40698 26.134 5 3 3 1.53334 60.313
2 0 3 3.08014 28.965 3 4 2 1.37746 68.003
Table 3
Indexed X-ray powder diffraction data of Mn:GO crystal.
h k l d cal.(Å) 2q cal.()
2 0 0 4.85894 18.243
1 1 2 4.08849 21.720
0 1 2 3.95117 22.484
2 1 2 3.60911 24.647
2 1 3 3.12220 28.567
2 0 4 2.97350 30.028
0 0 4 2.77326 32.253
1 0 4 2.42357 37.064
1 2 2 2.33057 38.601
Table 4
Elemental analysis of Mn:GO crystal.
Element Weight (%) Atom (%)
C 28.90 34.63
N 15.68 16.11
O 54.52 49.03
Mn 0.90 0.24
Table 5
Functional Group of GO and Mn:GO crystal.
Wave number of GO
crystal (previous reports [3,6,9])
Wave number of GO
crystal (present work)
e e
3219 e
3154 3113
2883 2898
e 2690
2642 2603
1918 1927
1717 1717
e e
1629 1618
1450 1499
1427 1408
1322 1332
1234 1253
e 1124
1020 1024
868 886
707 720
e 672
582 581
519 501
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tabulation; they are in good agreement with the present
value [3,6,9]. The shift in the value of the percentage of
transmittance (y-axis), wave number (x-axis) and,
appearance and disappearance of peaks confirms the
presence of Mn ion and it further supports the XRD
analysis obtained.
The absorbance spectra of undoped and Mn doped
GO single crystal was studied using the UV-Vis studies
and the spectra are shown in Fig. 3(A). The UV cutoff
wavelength of undoped GO and Mn:GO is observed at
251 and 263 nm respectively. The band gap energies
were calculated to be 4.95 and 4.72 eV for undoped GO
and Mn:GO respectively, using Einstein's relation
(Eg¼ hc/l, wherel-lower cutoffwavelength, h-Planck's
constant, c-velocity of light). The band gap energy of
Mn:GO has been reduced as compared to undoped GO
due to increase in the size of the particle caused by Mn
additive. It is evident to the result obtained in powder
XRD analysis. The absorption percentage is also slightly
reduced by the addition of manganese. In the present
investigation, the absorption percentage of undoped GO
is reduced as compared to the earlier report [6]. It is an
important requirement for a crystal in exhibiting laser
and device applications [10,11].
The excitation peaks of undoped and Mn doped GO
were found by using fluorescence studies. The fluo-
rescence spectra are shown in Fig. 3(B). Based on the
value of cutoff wavelength which was observed fromWave number
of Mn:GO crystal
Mode assignment
3424 NeH stretching
3227 NHþ3 asymmetric stretching vibration
3116 CeH stretching
2893 CeH stretching
2694 OeH stretching
2604 OeH stretching
1927 C]C asymmetric stretching
1717 C]O stretching of COOH
1502 NHþ3 symmetric stretching mode
e NeH bending of NHþ3
e NeH bending of NHþ3
e COO symmetric stretching
1329 CeNeH symmetric bending
1253 CeN stretching
1111 NH3þ rocking
e CeN stretching
882 CeC bending
712 CeH stretching
e CO2 bending
575 COO stretching
e Torsional oscillation of NHþ3
Fig. 3. (A) UV-Vis-NIR spectrum of (a) GO and (b) Mn:GO crystal.
(B) Fluorescence spectra of GO and Mn:GO crystal.
Table 6
Comparison of SHG efficiencies of aminoacid based oxalate crystals
with GO crystal.
Non-linear optical crystals SHG efficiency with reference
to KDP crystal
L-Valinium oxalate [16] 2
L-arginine semi-oxalate [17] 1.5
L-Alaninium oxalate [18] 1.2
L-citrulline oxalate [19] 0.3
Glycinium oxalate 0.86
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range 260e500 nm were chosen accordingly. The
fluorescence spectra of both the undoped GO and
Mn:GO crystal exhibit three peaks. The first peak is in
the UV region corresponding to the characteristic band
edge emission and the others in the visible region
which is attributed to the presence of defects. The
dislodgement in the values of excited peaks is due to
the manganese additive. The Mn additive on GO
crystal has enhanced the excitation intensity. Hence,
Mn doped GO is advantageous comparably than GO
and it could be used for luminescence application.
Kurtz and Perry second harmonic generation test
was performed to measure the NLO efficiency of theundoped GO and Mn:GO single crystals. The second
harmonic signal generated in the crystalline sample
was confirmed by the visible emission of green radia-
tion from the undoped GO and Mn:GO crystal. The
material should have a non-centrosymmetric crystal
structure to exhibit the SHG efficiency. However, some
reports are available in the literatures which show that
the centrosymmetric crystals exhibit NLO properties
[12e15]. It may be due to the weak signals resulting
from possible surface effects or local non-
centrosymmetry caused by defects [7,8]. A second
harmonic signal of 38 and 40 mV/pulse of undoped
GO and Mn:GO crystal was observed; while the
standard KDP crystal gave a SHG signal of the 44 mV/
pulse for the same input energy. The observed NLO
behaviour of undoped GO crystal is matched with the
previous report of GO single crystal [6]. Thus the SHG
efficiency of GO is raised by metal ion inclusive. The
SHG efficiency of GO has been compared with the
other aminoacid based oxalate crystals and are given in
Table 6 [16e19].
The SEM image of the undoped GO and Mn:GO
crystal is displayed in Fig. 4 (A-B). It shows that the
smooth surface of Mn:GO crystal when compared with
GO crystal. The surface either rough or smooth
strongly affects the transparency of the prepared sam-
ples. The decrease in the surface roughness with
Mn:GO may be caused by Mn segregation in the
boundary. Hence, it could be inferred that the major
reason for the decrease in transmittance of undoped
GO crystal may be due to the rough surface scattered
and the reflected light as surface roughness increased.
The dielectric properties are associated with the
electro-optic property of materials. The dielectric
measurements were carried out in the frequency range
5 Hze5 MHz at various temperatures. The tempera-
ture- and frequency-dependent dielectric constant of
undoped GO and Mn:GO crystal is shown in Fig. 5(A).
The value of dielectric constant (εr) decreases with
increase in frequency and temperature. The dielectric
constant has higher values in the lower frequency
Fig. 4. (A-B) SEM images of GO and Mn:GO crystal.
Fig. 5. (A) The temperature and frequency dependent εr of the GO
and Mn:GO crystal. (B) The variation of dielectric loss of the GO and
Mn:GO with frequency for different temperatures.
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The presence of all the four polarizations (electronic,
ionic polarization, orientational and space charge) may
be responsible to increase the value of εr at lower
frequencies and low value of εr at high frequency may
be due to the gradual loss of significance of these po-
larizations [20]. Usually orientational polarization de-
pends strongly on temperature, whereas electronic and
ionic polarizations are practically independent of
normal temperature. Permanent dipoles are opposed to
align the field direction at normal temperatures. But at
higher temperatures, it facilitates the movement of ions
and molecules so that a given polarisation process can
occur at higher frequencies at elevated temperatures.
Here the dielectric constant is decreased by increasing
the temperature. Thus, it shows that the orientational
polarization is not effectively present in these crystals
at high temperature. From Fig. 5(A), it is clear that the
value of εr is lower for Mn:GO crystal than that of
undoped GO crystal due to the effect of metal ion. It is
evident that the lower value of dielectric constant of
Mn:GO exhibits higher optical property. The variation
of dielectric loss with frequency is shown in Fig. 5(B).
It reveals that the dielectric loss is also lesser for
Mn:GO than undoped GO crystal. The low value of
dielectric loss with high frequency suggests that the
sample possesses lesser defects and this parameter is of
vital importance for Non-linear materials in their ap-
plications [21,22]. Hence, it ensures the enhanced
fluorescence property of the Mn doped GO crystal.
Microhardness testing is to be performed on grown
single crystals to evaluate the mechanical properties
and to examine the suitability of the material for de-
vices applications. In the microhardness studies, in-
dentations were made using a Vicker's pyramidal
diamond indenter for various loads ranging from 25 to
100 g. The dwell time of indentation was kept constant
as 5 s. The variation of the microhardness values withapplied load is shown in Fig. 6(A). It shows that the
microhardness of the grown crystals increases with the
increasing load due to the Reverse Indentation Size
Fig. 6. (A) Microhardness Curve of GO and Mn:GO crystal. (B) Plot
of Log P vs. Log d of GO and Mn:GO crystal. (C) Plot of dn vs. d2 of
GO and Mn:GO crystal.
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Mn:GO is increased than that of undoped GO due to
the Mn ion. Work hardening coefficient (n) was esti-
mated from the slope of Log P versus Log d plot shown
in Fig. 6(B). The calculated value of n is 3.73 and 3.54
for undoped GO and Mn:GO crystals. According to
Onitsch, ‘n’ should lie between 1 and 1.6 for harder
materials and above 1.6 for softer materials. Thus, both
the crystals belong to the soft material category [24].
The plot of dn versus d2 of undoped GO and
Mn:GO crystal is shown in Fig. 6(C). The hardness
parameter, ‘K1’ is the standard hardness constant, ‘K2’
is also a constant and ‘W’ is the minimum applied
load required to cause a plastic deformation. The
hardness parameters (n, K1, K2, and W) of the GO and
Mn:GO were calculated by using least square fitting
and given in Table 7. It shows that the value of K1, K2
and W are raised by Mn dopant. The mechanical
properties like yield strength (sv), stiffness constant
(C11) of the GO and Mn:GO were also calculated and
presented in Table 8. The yield strength (sv) of the
material which is a measure of minimum stress
required to resist permanent deformation. The ob-
tained results show that the yield strength of the GO
crystal is decreased by Mn dopant. The value of
stiffness constant (C11) gives the idea about the
tightness of the bonding between neighbouring atoms.
It is found that, the stiffness values are increased in
GO crystal due to Mn dopant [25].
4. Conclusion
In summary, undoped and Mn-doped glycinium
oxalate single crystals were successfully grown via
slow evaporation method. The change in the latticeTable 7
The hardness parameters of GO and Mn:GO crystal.
Parameters GO Mn:GO
n 3.73 3.55
K1 (Kg/m) 7.03801E-05 9.3888E-5
K2 (Kg/m) 34,314.9 45,824.9
W (g) 60,288.9 63,217.68
Table 8
Mechanical properties of GO and Mn:GO crystal.
Load
P(g)
d (mm) Hv (Kg/mm
2) C11 (GPa) sv (MPa)
GO Mn:GO GO Mn:GO GO Mn:GO GO Mn:GO
25 30.46 33.66 37.2 40.85 0.0055 0.0065 0.2695 0.0376
50 37.71 41.29 58.68 64.55 0.0122 0.0144 0.4252 0.0595
100 44.06 49.73 70.51 74.75 0.0168 0.0186 0.5109 0.0689
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GO crystal is due to the lattice distortion caused by Mn
ion. The presence of manganese has been confirmed by
the EDS. From the UV spectra, the lesser absorption in
the entire visible and the IR region makes it a potential
candidate for laser applications. The SHG conversion
efficiency of the undoped GO crystal is raised by the
Mn inclusion. From fluorescence studies, it is clear that
the Mn doped GO is advantageous comparably than
undoped GO and it could be used for luminescence
application. The dielectric constant and dielectric loss
of Mn:GO is comparatively lower than undoped GO
crystal. The both undoped GO and Mn doped GO
crystal belongs to the soft material category. The me-
chanical strength of Mn:GO is higher than the undoped
GO. Moreover, we believed that this method would be
useful to grow good quality bulk crystals of other
Mn:aminoacid oxalate such as L-arginine oxalate, L-
alanine oxalate and L-histidine oxalate for optical de-
vice applications. The effect of Mn on GO crystal has
enhanced the optical and mechanical properties.
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